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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 956

BIBLIOGRAPHY ON PISTON RING LUBRICATION

By Mayo D, Hersey = -
INTRODUCTION

In the course of an lnvestigation of the lubrication,
friction, and wear of aircraft engine piston rings conducted
at the Massachusetts Institute of Technology under the spon-
sorship of the National Advisory Committee for Aeronautics, a
survey was nmade of technical information contained in the
literature on this subject. Over 300 sources were reviewed
and classified according to the type of information presented.

Since 1t 1s bellieved that the results of this survey
will be of interest to the laboratories and agencies who are
currently cengaged in research on alrcraft piston rings, and
to the manufacturcrs of aircraft engines, this classified
bibliography has been prepared. T

References are asrranged chronologically by years and
alphabetically by authors in any one year, as indicated by
identification symbols in left margin. Classification sym-
bols A, B, O at the right designate, respectively, engine
experiments, other experiments, and publications without new
experimental data. Tor example, reports on wear testing of
ring materials belong in clase B, while review articles and
textbooks are put in class C. ' ' o

1889

89~D-1 Denﬁon, J. M,:1 On the Friction of Piston Pack- - A
ing Rings in Steam Cylinders. Trans, A.S.M.EB,,
vol, 10, 1889, pp. 392~-401,
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13-K-1

20-N-1

2l-G-1

2l-J-1

22-J-1

22-M-1

22-M-2

22-M-3

1913

Karpenko, V. G.: K Voprosu o Trenli Porshnia
(On the Question of Pigton Friction).
Tomsk, Sibirskoli tekhnologicheskoldi
Ingtitut. Iznestiia, vol, 39, sec. 1,
no. 5, 1913, 80 pp. and plates.

1915
Flowers, A. BE,: A COylinder Frictlon and Lubri-
cation Testing Apparatus. Proc. A.5.T.M,,
vol, 15, pt. 2, 1815, pp. 400-414.
1820

Nilson, T. C.: Piston Rings. Trans. SAE,
vol, 15 (II), 1920, pp. 605-638.

1921

Gibson, A, H.: Piston Temperatures in Aeroc
Engines. Rep. No. 13, Light Alloys Subcom-
mittee, British A.C.A.,, 1921, pp. 282-298.

Jameg, W. S.: ZElements of Automobile Fuel
Economy. SAE Jour., vol. 8, June 1921,.
Pp. 543-562.

1922 .
Jehle, ., and Jardine, F.: Aluminum Pistons.
Trans. SABE, vol, 17, pt. II, 1922, pp. 285-

304,

Magee, J.: Piston Rings. Trans. SAE, vol., 17,
pt. II, 1922, pp. 304-308.

McDewell, H. S.: Supplementary Report of 0il
Scraper Pisgton Rings. NACA TN No. No. 114,
lg2z2.

MeDewell, H. S.: Test of Oil Scraper Piston
Ring and Plston Fitted with 0il Drain Holes,
NACA TN No. 88, 1922.
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22-R-1

22-8-1

23-J=1

23-R~1

24.d-1

24-8-1

25-4-1

25.M-2

Ricaerdo, H. R.: Some Recent Research Work on
the Internal Combustion Engine. The Auto-
mobile Engineer, vol. 12, 1922, pp. 265-
273, 299.306, 329.332.

Svuhara, Toyotaro, and Sato, Naozo: On the
Digtridbution and Variation of Temperature
in the Cylinder and Piston of an Alreraft
Engine. Rep. No. 5 (vol, I), Aero. Res.
Inst., Tokyo Imperial Univ., Dec. 1922, pp.
137-170,

1923

James, W, 5,: Service Teste of Lubricants in
Internal Comdbustion BEngines. Bull. Am,.
Petroleum Inst., vol. 4, 1923, pp. 132-141,

Ricardo, H. R.: The Internal Combustion En-
gine, Vol., 2, D. Van Nostrand Co., Ine.
{(London), 1923, ch. IX, figs. 89, 90, pp.
214-238.

1924

Jardine, Frank: Scuffed Pistons Remult from
Cold Jacket and Lack of O0il. Aute. Ind.,
vol., 51, July 31, 1924, pp. R242-244,.

Stanjon, T. B,: 7Friction of Pistons and
Piston Rings. R. & M, ¥No. 931, British
AR.C,, 1924, 4 pp. and plates.

1928

Mader, 0.: Weitersntwicklung des Junkers-
Doppelkolbenmotors (Further Development of
the Junkers Double Piston Engine), 2.V.D.I.,
vol, 69, 1925, pp. 1369-.1378.

Moes, H., and Stern, W, J.: The Mechanical
Efficiency of an Internal Combustlion Engine,.
The Automobile Engineer, vol., 15, March
1925, pp. 78-82.
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26-B-1

26-B-2

26-E-1

26-E=-2

26-G-1

26-G-2

26-L-1

26-5-1

26~-5~2

26-W-1

1926

Becker, A. B.: Surface Action and Flulid Film
Lubrication. Some FTilm Thickness Messure-
ments. Ind. Eng. Chem., vol. 18, 1926,
Pp. 471-477.

Burkhardt, 0. M.: Causes of Wear and Corro-
sion in Engines. BSAE Jour., vol. 19, Dec.
1926, pp. 657-682.

Ebihara, K.: Researches on Piston Rings.
Jour. Soc. Mech. Bng. (Japan), vol. 29,
Sept. 1926, pp. 533-564. (Abs., Mech. Eng.,
vol. 49, Jan. 1927, pp. 57-58)

Bichelberg, G.: Uber die Mittel zur Kompres-
sorlosen Brennstoffeinspritzung (Fuel Injec-
tion without Compressors). Z.¥V.D.I,, wol.
70, 1926, pp. 1079-1089, -

Gibson, A, H,: Piston Temperatures and Heut
Flow in High-Speed Petrol Engines, Proc.
Inst. Mech. Eng. (London), vol. 1, no. 2,
Jan, 1926, pp. 221-249,

Gilson, E. G.: Somse Little Understood Factors
Affecting Ludbrication. Ind., Eng. Chemn.,
vol. 18, 1926, pp. 467-470.

Lehman, O, H.: Dis Abnutzung des Gusseisens
bei Gleitender Relbung (Wear of Cast Iron
with Sliding Friction). Giesssrei Zeitung,
vol., 23, 1926, pp. 597-600, 633-637, 654-
656.

Scott, P. L.: Diesel Engine Lubrication.
Ind. Bang. Chem., vol., 18, May 1, 1926, pp.
477-480,

. .

Sulger, R.: Temperature Variation and Heat
Stresses in Diesel Engines. ZEngineering,
vol. 121, 1928, pp. 447-450,

Woog, P,; Contribution a 1'dtude du graissage
(Contribution to the Study of Lubrication).
Delagrave (Paris), 1926, 277 pp.
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27+K-1

27-K-2

27-L-1

27~5~1

28-B-~1

28-M-1

28.-W-1

29-B-1

29-E-1

1927
Koch, E., and Sommer, P.: Neus Kolbenobsr-
fl8chen (New Piston Surfaces). Jahrb, 1927
der deutschen Luftfahrtforschung. R.
Oldendbourg (Muniech), pp. II 193 -~ II 197,

Kifhnel, R.: Die Abnutzung des CGusselsens
und ihre Beziehung zum Aufbau und zu den
mechanischen Eigenschaften (Wear of Cast
Iron g8 Related to Structure and Mechanl-
cal Properties). Giesserei Zeitung, vol.
24, 1927, pp. 533541,

Lowry, B. J.: GCast Iron in Its Relation to
the Automotive Industry. Trans. SAE,
vol, 22, 1927, pp. 210-226.

Sparrow, S. ¥., and Thorne, M, A.: TFriction
in Aviation Engines. NACA Rep. No. 263,
i927,

1928

Bramberry, H. M.: Piston and 0il-Trapping
Rings for Maintalining an Cil Seal. SAE
Jour.,, vol, 23, Nov., 1928, pp. 495-498,

Moss, H.: Motoring Losses in Internal Com-
bustion EBngines. R. & M, No. 1128,
British A.R.C,, 1928.

Wickenden, T. H.: Data on Machinability
and Wear of Cast Iron. Trans. SAE, vol.
235, 1928, pp. 181-189.

1929

Boegenhold, A, L,: Wear Testing of Cast
Iron., Proec. A.5.T.M., vol. 29, pt. II,
1929, pp. 115-125, 166-169,

Ebihara, Keikiti: Researches on the Pigton
Ring. Sci. Papers, Inst. Phys. and Chem,
Res., (Tokyo), vol. 10, no. 182, 1929, pp.
107-185. (Algo NACA TM No. 1087, 1944§

AB

AB
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29-F-1
R9-H-1

29-K-1

29-K-1

30-4A-1
30-L-1
30-M.-1

30~-8-1

30-7-1

30-T=-2

Poord, F. A.: The Lubrication of Airecraft
Engines. Jour. R.A.S,, vol. 33, 1929, pp.
1089-1132.

Hoffman, A. H.: A Study of Bngine 0il-
Filters. SAE Jour., vol. 25, no. 6, Dec.
1929, pp. 62b6-629. '

Kryopoulos, S.: Untersuchungen dber dis
physikalischen Grundlagen des Schmier-
vorganger insbesondere 1m Explosionmotor _
(Physical Basis of Lubricatlion with Especial
Refersnce to the Internal Combustion Engine).
Zeitschr, Tech. Phys., vol, 10, 1929, pp. 2-
18. :

Nagel, A,: The Transfer of Heat in Rsciprocat-
ing Bagines. ZEngineering, vol, 127, 1929,
Pp. 59-60, 179-182, 279~-282, 466-469, 626-
630.

19830

Alcock, J. F.: Thermometry in Engine Ressarch,.
Aircraft Eng., vol. 2, ne., 13, 1830, pp.
57-60, &5.

Lee, W.,: Lubrication of Airecraft Engines.
Aireraft Eng., vol. 2, no. 18, 1930, pp.
2l2-213,

Michell, A, G, M.: Crankless Reciprocating

Machines. 2rans. A.S.M.®,, vol. 52, 1930,
APM 7, pp. 85-89.

Spagier, R.: Egsals de Reslstance de la Fonte
1l'Usure (Tests on Wear Resistance of Cast
Iron). PFirst Communications, New Int.
Assoc. Test, Mat., Group &, 1930, pp. 64-73,

Thoranyeroft, O0,, and Barton, 0. H.: The Lubri-
cation of Bngines. 4ircraft Bng., vol. 2,
1930, pp. 36-39, 109-~-113.

Treiber, O, D.: Light-Welght Diesel Engines.
SAE Jour., vol. 26, May 1930, pp. 580-583;
discussion, pp. 583-586.
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30-V-1 Vogel, H.: Zur Frage der Flugmotorenschmier-
ung (On Aircraft Engine Lubrication).
Luftwacht, no. 2, 1930, pp. 87-89; Deutsche
Mot or-Zeitschr,, no. 4, 1931, pp. 158, 160,
162.

1931

31-B-1 Bulkley, Ronald: Viscous Flow and Surface
Filmse. Res. Paper 264, Nat. Bur. of
Standards, Jour. Res., vol, 8, 1831,
pp. 89-112. '

31-F-1 Fomin, W, N., and Kokoreff, N, 4.: Researches
on Friction in a Light Duty Engine (In
Ruseian). MO0GIZ, Moscow, 1931, p, 128.

31-H-1 Hillman, E, HE.: Direct Measurements of Oil
Film Temperatures on Diesel Piston Rings.
Diesel Power, vol, 9, 1931, pp. 226-23237.

31l-H-2 Hughes, Adrian, Jr.:; Utilizing the Latent
Heat of Cooling Water, SAE Jour., vol.
28, no, 1, Jan, 1931, pp. 66-73; discus-
sion, pp. 73-76. (See p. 70.)

3l-K-1 Xlingenstein, T.: The Wear and Surface Con-
dition of Cast Iron. The Metallurgist,
Sept. 1931, pp. 132-134. (From Mitt.
Forschungsanstal® Gutehoffnungs-Hutte -
Konzern, April 1931, p. 80)

31-L-1 Lienhard: Le remontée d'huile dans les cylin-
dres (01l Pumping). Jour, Soc. Ing. de
1'Auto., vol. 4, April 1931, pp. 1346-1350.

31-M-1 Mahle, Ernst: Auswechselbare Zylinder Lauf-
buchsen (Removable Cylinder Liners).
Deutsche Motor-Zeitschr., vol. 8, no. 5,
May 1931, pp. 166-180,

31-M-2 Mougey, H. C.: 0il Consumption as Affected
by Engine Characteristics. Trans. SAE,
vol. 26, 1931, pp. 365-372.

31-P-1 Petre, A, P.: Leakage Tests of Piston~Rings.
SAE Jour., vol. 38, no. 6, June 1931, pp.
6865--686.
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31-5-1 Seguy, E.: Anomalies de fonctionnement des
plstons et segnments (Improper Functioning
of Pistons and Pieton Rings). Jour. Soc.
Ing. de 1l'Auto., vol. 4, June 1931, pp.
1418-1428,

3l-8=2 Sencebaugh, 0. BE.: Piston Packing Efficlency.
Diesel Power, vol. 9, July 1931, pp. 371l-
372.

31-8-3 Stern N.: Neue Untersuchungen tber den
Gitegrad von Kolbenringen in Abh#ngligkselt
vom Herstellungsverfahren, (Radial Pres-
sure of Piston Rings). ATZ, vol. 34, no.
4, 1931, p. 89, Avs., The Automobile
Engineer, vol, 28, 1938, pp. R7-28.:

31-7-1  Taylor, P. B.: 1Increasing the Thrust Horse-
power from Radial Aircooled Engines.
Trens. SAE, vol. 26, 1931, pp. 531-541,

3leiZ-1 Zimmerman, EB.: Friction and Wear Tests on
So0lid Dry Bodies. "Metals and Alloys, vol.
2, Feb, 1931, pp. 95-96. (Diss., Aachen,
abs. by H. W. Gillett).

1932

' 32-B-1 Boerlage, G. D., and Gravesteyn, B, J. J.:
Cylinder Wear in Diesel Englnes. 3Britiesh
Motorship, vol. 13, Aug. 1932, pp. 171-173.

32-M-1 Mucklow, G. P.: Piston Temperatures in a
Sclid-Injection 01l Engine. Proc., Inst.
Mech. Eng. (London), vol. 123, July-Dec.
1932, pp. 349-372.

32-0-1 Ottaway, E. C.: A Review of the Piston and
Cylinder Assembly in Relation to Oil Con-
sumpbtion. Proec. Inst. Auto. Eng., vol. 26,
1931-32, pp. 150-212.

32-R-1 Ricardo, H. R,: Some Notes and Observations
on Petrol and Diesel Engines. Proc. Inst.
Avto. Bng., vol, 27, 1932-33, pp. 434-476;
discussion, Auto, Ind., vol. 69, no. 6,
Aug. 5, 1933, pp. l53-154,
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32-5-1 Salzmenn, F,t Wirmefluss durch Kolben und
Kolbenringe im Dieselmotor (Heat Flow
through Piston and Rings in the Diesel
Engine). Dise., Eidg. Tech. Hochsechule,
Zurich, 1932; A. G, Gebruder, Leeman & Co.
(Zurich), 98 pyp.

32-T-1 Teetor, R. R., and Bramberry, H. M.: Piston-
Ring Progress. Trans. SAE, vol., 27, no. 2,
1932, pp. 323-326.

1933

33=-B-1 Bulkley, Roneld, and Snyder, G, H., 5.t Spread-
ing of Liquids on Solid Surfaces... Jour,
Am, Chem, Soec., vol, BB, 1933, pp. 194~208.

33-0C=~1 Clayden, A, L.,: Factors in Engine Design Which
. Affect 01l Performance, A.,S.T.M, Symposium
on Motor Lubricants (Philadelphila), 1933,
Pp. 1014113,

33-BE-1 Elektron Metall Co.: (Ring and Cylinder Wear).
: Abs., Auto, Ind.: Skirt Wear Not to Blame.
Vol, 68, no. 3, April 1, 1933, pp. 407-408.

33-G-1 Garloek, . A., and Ellis, Greer: The Effect
on Bngine Performance of Change in Jacket-
Water Outlet Temperaturse.. NACA TN No, 476,
1933,

33-N-1 Nutt, Arthur:  Alreraft Engine Lubrication,
A,S.T .M, Symposium on Motor Lubricante
(Philadelphia), 1933, pp. 114-121,

33-8-1 Salgmann, F.: VWiadrmefluss durch Kolben und
Kolbenringe im Diesalmotor (Heat Flow
through Piston and Rings in the Diesel
Engine). VDI Forschschung, vol. 4, 1933,
Pp. 193-~-198,

33-5-~2 S8hnehen, Erich, and Piwowarsky, Bugen:
Einfluss der chemischen Zusammensetgung
von Gusseisgen auf seinen Verschleiss.
(Influence of the Chemical Composition of
Cast Iron on Wear). Archiv. f8r D, Eisen-
hittenwesen, vol, 7, 1933, pp. 371-373,
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33-W-1

33-Y-1

34-B-~1

34-B-2

34-B--3

34-B-4

34-GL1

34-L-1

34.L-2

1

Williams, C. G.: ZExperiments on Cylinder Wear.
First Interim Report. Inst. Aubo. Eng.
Jour,., June 1933; The Automobile Engineer,
vol, 23, 1933, pp. 259-264. (Ses Collected
Researches, 1940, pp. 24-47.)

Young, H. J.: Plston Rings and Their Relation
to Liner Wear. Inst, Marine Eng., vol. 44,
no, 12, 1933, 10 pp. Abs., Mech. Eng.,
vol, 56, 1234, pp. 103-104,

1954

Baker, H. W.: The Operating Temperatures of
Cest Iron and Aluminum Pietons in a 132«
Inch Bore 0il Engine. Proe. Inst Mech, Eng.
(London), vol. 127, Nov, 1934, pp. 217-243.

Barton, C. H., and Messrs. Rlicardo and Co.,
Engineers, Ltd,: The Bffect of Benzol on
Piston Ring Sticking. Shell Aviation News,
ne. 41, Nov., 1934, pp. 17-18, Eng. Res,
No. 10%7.

Base, E. L.: Aero Engine Lubrication. Shell
Aviation News, no. 41, Nov, 1934, pp. 14-15.

Blgche, H. H.: Maln Factors in Modern Diesel
Engine Construction. 3British Motorship,
vol. 15, May 1934, pp. 52-55.

Godron, W. G. G,: Wear of Piston Rings and
Liners Influenced by Design of Rings, Proc.
Eighth 0Ll Power Conf., Penn. State Col,
School of Eng, Tech. Bull. No. 20, 1934,

Pp. B3-70.

LeMegurier, L. J., and Stansfield, R,: Some
Observations on Fuel for Heavy 01l Enginses.
Trans, Inst. Marine Eng. (London),vol. 46,
pt. 4, 1934, pp. 129-184, 5l.

Lichty, L., C., and Carson, G. B.: Engine Fric-
tion Analysis. SAE Preprint (Chicago), Aug.
28 - Sept. 4, 1934, 8 pp., figs.

10

A
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34-M-1 Mahle, Ernst: Neuerungen im Kolbenbau (Piston A

Developments). ATZ, vol. 37, 1934, pp,
316-324.
34-R-1 Robertson, B. J., and Ford, A. R.: An Inves- A

tigation of Piston Ring Groove Pressures,
Diegel Power, vol. 12, 1934, p. 548.

34-T-1 Talanoff, F. W,: Ludbrication of an Aviation
Engine., (In Russian) Nat. Mil. Publiec.,
Moscow, 1934, p. 214.

34-.T-2 Testor, R. R.; Conformity of Cylinders, Pisw. ¢
tons, and Rings. SAE Preprint,(Chicago),
1834,

34-W-1 Williams, C. G.: Experiments on Cylinder Wear, A
Second Interim Report. Inst. Auto. Eng.
dour., Aug.-Sept. 1934; The Automobile . -
Engineer, vol. 24, Oct. 1934, pp. 367~-369.
(See Collected Researches, 1940, pp. 48-66.)

1925

35-B-1 Bastow, S. H,, and Bowden, F, P.: Physical B
Properties of Surfaces. II - Vigoous Flow
of Liquid Films. The Range of Action of
Surface Forces. Proe. Roy. Soc. London, sor.
A, vol. 151, 1935, pp. 220-233,

35-0=-1 Connor, K, W.: Surface and Shape Characteris- c
tics of Cylinder Bores. Trans. SAE, vol,
30, no. 3, March 1935, pp. 95-111.

35-E-1 Bverett, H. A., and Stewart, F. §.: Perform- A
ance Tests of Lubrilcating Olls in Automobile
Engines. Penn. State Col., Eng. Exp. Sta.,
Bull. No. 44, 1935, 51 pp., charts.

35-B~2 Eweis, M.t: QReibungs und Undichtigkeltsverluste B
an Kolbenringen (Friction and Blow-By in
Piston Rings). Forschungsheft 371, VDI~
Verlag (Berlin), 1935, 23 pp.

35-H-1 Heron, S. D.; The Influence of Engina Oils on ¢
Aircraft-Engine Performance. Trans. SAE,
vol. 30, June 1935, »p. 201205,
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35-.M-1

35-P=1

35~R-]

3B=5~1

36-A-1

36-B=-1

36-0-1

36-F-1

36-H-1

36-H~2

36-H-3

Merrill, D. R., Moore, C. C., Jr., and Bray,
U, B.: Service Characteristics of Motor
Oile as Relatsd to Composition. Proc. Am,
Petroleum Inst., vol, 16, M(III), 1935, pp.
143-161; 0il and Gas Jour., vol. 34, no. 3,
June 6, 1935, pp. 17-18.

Pyles, R.: Diesel Lubrication. The Electrie
Jowr., vol. 323, 1935, pp. 191-194.

Robertson, D. D,: Factors Controlling the
Performance of Pistons and Piston-Rings.
Trans, SAE, vol, 30, 1935, pp. 370-377.

Sparrow, S. W.,: Problems in the Development
of a High-Speed .BEngine. Trans, SAE, vol.
30, 1935, pp. B8-69.

1936

Automotive Industries: ZRingless Piston Avall-
able. Yol, 74, no, 21, May 23, 1936, p. 719.

Boerlage, G. D., and Gravesteyn, B. J. J.:
Cylinder Wear in Diesel Engines. Trans.
SAB, vol, 31, May 1936, pp. 197-199.

Castleman, B, A,.,, Jr.: 4 Hydrodynamical Theory
of Piston Ring Lubrication, Physiecs, vol.
7, 1936, pp. 364-367. ..

Fairlie, M.: ﬁaboratory Engine Testing of
Motor Lubricants, ©O1l1 and CGas Jour., vol.
%4, no, 44, Mareh 1936, pp. 114-117, 119,

Haling, Otto: Pressure under Top Piston Ring
Mz jor Cause of Cylinder Wear. Auto. Ind,.,
vol. 74, no. 10, Mareh 7, 1936, p. 370,

Hanft, Friedriech: Untersuchung wber die Ab-
nutzung an Kraftfahrzeugteilen (Investiga~
tlions on the Wear of Automoblle Parts).
ATZ, vol, 39, 1936, pp. 9-19.

Hawkes, C. J., and Hardy, G. F.t PFriction of
Piston Rings, Trang, N. E, Coast Inst. Eng.
Shipbuilders, vol, 52, 1936, pp. 143-178,

D 49.588.
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36-I~1

36-K-1

36-L-1

36-M-1

36~P~1

36-5-1

36-T=1

368-T-2

36~-W-1

36-W-2

Insley, Robert: Aircraft Engine Piston Ring
and Oylinder Wear. Abs,, SAE Jour,, vol.
38, no., 2, Feb, 1938, p. 36. '

Kehl, B., and Siebel, E.: (The Wear of Metals
under Sliding Friction). Archiv., f. 4.
Eisenhuttenwesen, vol. ¢, May 1936, pp.
563-570. Abvs., The Metallurgist, Oet. 30,
1936, pp. 164-165; Metal Progress, vol. 31,
Jan, 1937, p. 41.

Larson, C. M., Ainsley, W. G., and Fairlie, M.;

Cylinder Wear and Piston-Ring Sticking Ten-
dencles of Automoblle, Bus, and Alrcraft
Engines, SAE Preprint, Jan. 1936, Abs.,
SAE Jour., vol. 38, Feb. 1938, p. 36; 011l
and Gas Jour., vol. 34, Fed, 13, 1936,

Pp. 24-25.

Moore, Charles S., and Collins, John H., Jr.:
Friction of Compression-Ignition Bngines.
NACA TN No. 577, 1936,

Planiol, Andre: Les Pertes par Frottement
dans les Moteurs (PFriction Losses in En-
gines)., Jour. Soc. Ing. de 1'Auto,, tome
9, June 1936, pp. 198-210,

Sparrow, S. W., and Scherger, T. A.: OCylin-
der Wear, Where and Why. Trans. SAE, vol.
31, April 1936, pp. 117-125.

Taylor, M. P.,: The Effect of Gas Pressure on
Piston Friction., Trans. SAE, vol. 31, May
1936, pp. 200-205, '

Teetor, M. O.: Cylinder Temperature. Trans.
SAE, vol. 31, 1936, pp. 328-332,

Wengel, R. N.: QResistance of Solid Surfaces
to Wetting by Water. 1Ind. Eng. Chem., vol.
28, 1936, pp. 988-~994,.

Williems, C. G.: Cylinder Wear in Gasoline
Engines. Trans. SAE, vol. 3L, May 1938,
PY. 1?1-196. (See Collected Researches,
1940,)

13
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37-A=-1

37-A-2

37-A-3

37-B-1

37-B-2

37-B-3

37-B-4

37-B-B

37-B-6

37-Br"?

1937

Ackerman, D, E.: Some Important Variables En-
countered in Wear Tests on Cast Iron.
A,.5.T.M. Symposium on Wear of Metals,
(Philadelphia), K 1937, pp. 24-41.

Alcock, J. F,: Discussion on Engine Lubrica-
tion, Proec., Gen. Discussion on Lubrication
and ILubricants, Inst. Mech. Eng. (London),
1937, vol. 1, pp. 835-637.

The Automobile Engineer: Oylinder Wear Effect,
of Pressure. Vol, 27, Dec, 1937, p. 500,

Baker, H. W,: Piston Temperatures in a Sleevs
Valve 0il Engine. Proc., Inst. Mech. Eng.
(London), vol. 135, Jan. 1937, pp. 35-71.

Barrington, R., and Lutwyche, J. L.: The Pe-
trol Engine and Ite Frictien. Proc., Gen.
Discussion on Lubrication and Lubricants,
Inst. Mech. Eng. (London), 1937, vol. 1,
Pp. 398-406. ,

Base, B, L.: Aero-Engine Design and Lubricg-
tion. Proec., Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. Eng. (London),
1937, vol. 1, pp. 414-420. . ‘

Bassett, H. N.: Discussion on Engine Lubri-
cation. Proc., Gen. Discussion on Lubri-
cation and Lubricants, Inst. Mech. Eng.
(London), 1937, vol. 1, pp. 637-639.

Beall, A. L.t Selections of Oils for High-
Output Aireraft Engines. Trans. SAE, vol,
32, 1937, pp. 48-55; discussion, pp. 55-56.

Bouman, C. A,: Lubrication of Piston Rings.
Proc., Gen, Discussion on Iubrication and
Lubricants, Inst. Mech. Eng. (London), 1937,
vol., 1, pp. 426-431,

Bridgeman, 0, C.:1 The Problem of Ring-Sticking
in Aviation Eangines. Trans. SAE, vol. 32,
1937, pp. B545-547,
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Buckingham, Earle: Qualitative Analysis of
Wear, 4.5.M.E, Bpec. Res. Com. on Strength
of Gear Teeth, Prog. Rep. 15, Mech, Eng,,
vol, B9, 1937, pp. 576-578.

Chatel, M.: The Lubrication of Locomotive
Cylinders on the French Rallways, Proc.,
Gen, Disgcussion on Ludbrication and Lubri-
cants, Inst. Mech, Eng. (London), vol, 1,
1937, pp. 439-444,

Everett, H, A.,, and XKeller, G, H.; Rating
Oils for Cylinder Wear by the Iron Contam-
ination Method. Proe., Gen, Discussion on
Lubrication and Lubricants, Inst, Mech, Eng.
(London), wvol. 1, 1937, pp. 451-456,

Gillett, H, W.: Considerations Involved in
the Wear Testing of Metals. 4.S,7.M, Sym-
posium on Wear (Philadelphia), 1937, pp.
3~22, .

Gruse, W. A.,, and Livingstone, C. . J.: Engine
Deposits -~ Gauses and Bffects. 4.S.T.M,
Symposium on Lubricants (Philadelphia),
1937, pp. 1-28,

Higinbotham, H,; ILubrication under High-
Temperature Conditions with Refersnce %o
the Use of Colloidal Graphite, Proec,., CGen,
Discussion on Lubrication and Lubricants,
Inst, Mech, Eng, {(London), vol, 1, 1937,
pp. 480-486. A ) ST '

Jackson, P.,: Discussion en Engine Lubrica-
tion. Proc,, Gen, Discussion on Lubrica-
tion and Lubricants, Inst. Mech, Eng.
(London), vol, 1, 1937, pp. 632-633,

James, W, S.: How to Select a Motor 0il from
the Standpoint of the Consumer. A.S.T.M,
Symposium on Lubricants (Philadelphia)
1937, pp. 75-89.

Jominy, W, B.: Wear of Metals from the Auto-
motive Viewpoint, A.S.T.M, Symposium on
Wear (Philadelphias), 1937, pp. 42-60.
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Lane, P. S.: Discussion on Cylinder-Bore Wear. B
Trans. SAE, vol. 32, 1937, p. 96.

Lane, P. S.: Some Experience with Wear Test~ B
ing., Trans. Am. Foundrymen's Assoc., vol,
45, 1937, pp. 157-199.

Neely, G. L,: TFriction and Wear Comparisons B
for Lubricated Surfaces. Proc., Gen. Dls-
cussion on Lubrication and Lubricants,
Inst. Mech. Eng. (London), vel. 2, 1937,
Pp. 378-385,

Neely, G, L,: High Oiliness - Low Wear? B
Trans. SAE, vol, 32, 1937, pp. 548-552;
discusgsions 552-554.

Nixon, ¥.: Discussion on Engine Lubricatilon. A
Proec., Gen. Discussion on Lubrication and
Lubricants, Inst. Mech. Eng. (London), vol.

1, 1937, pp. 623-624. .

Norlin, E.: Discussion on Engine Lubrication. A
Proc,, Gen. Discussion on Ludbrication and
Iubricents, Inst, Mech.’Eng. (London), vol.

1, 1937, pp. 621.

Orloff, P. I.: Smazka Legkikh Dvigatelel ¢
(Tubrication of Light Internal Combustion
Engines)., N. B, Brilling. ed,, Glavnal@
Redakbtsgiia Mashinostroitel’ nol 1 Avtotrak-
tornol Literatury (Leningrad) 1937, 462 pp.

(See pp. 276, 288-292, 344-348.)

Ottaway, B. C.: The Problem of 0il Consunp- A
tion in High-Speed Internal Combustion
Bngines., Gen, Discussion on Lubricatlon and
Lubricants, Inst. Mech. Eng. (London), vol.
1, 1937, pp. 538-545,

Pearce, J, G.: The Wear of Cast Iron. Gen. C
Discussion on Lubrication andé Lubricants,
Ingt. Mech. Bng. (London), vol., 1, 1937,
pp. b46-549.

Ricardo, H. R.: ©Engine Lubrication (Intermnal ¢
Combustion Engines). Report on papere in
Group II, Gen, Dlscussion on Lubrication
and Lubricants, Inst. Mech. Eng. (London),
vol, 1, 1937, pp. 607-613.
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37-R-2 Rickert, P,, and Kuhm, M,: ZEin Beltrag gur
Kolben und Kolbenringfrage (A Contribution
on Pilston and Piston Ring Questiona).
Jahrb., 1937 der deutschen Luftfahrtforsch-
ung, R. Oldenbourg (Munieh), pp. II 98 -
IT 102,

37-R-3 Roensgch, M., M,: Observations on Cylinder-
Bore Wear, Trane. SAE, vol. 32, 1937,
pp, 89-96; discussions pp. 96-98.

37=-R=4 Rogen, 0. G, A.,: OCylinder Iubricatlon of
Small~-Bore Diesel Englines. Proec., Gen.
Discussion on Lubrication and Lubricants,
Ingt, Mech. Eng. (London), vol, 1, 1937,
pp. 559-567.

37<-R-5 Rogen, C. G. A.,: ZEngine Temperature as Af-
fecting Lubrication and Ring-Stlcking.
Trane. SAE, vol, 32, 1937, pp. 165-172.

37-8-1 Stanier, W. A.; 3Engine Lubrication (Recip-
rocating Steam Engines). Report om Papers
in Group II, Proc., Gen, Discussion on
Lubrication and Lubricants, Inst, Mech.
Eng. (London), vol, 1, 1937, pp. 614-618,

37-5-2 Stanier, W. A.,: ILubricetion and Ludbricants
as Applled to Locomotive Reciprocating
Steam Bngines, Proe., Gen. Discussion on
Lubrication and Lubricants, Inst. Mech.
Bng, (London), vol. 1, 1937, pp. 568-571.

37-T-1 Taub, A.t OCylinder Bore Wear. The Automo-
bile Engineer, wvol. 27, April 1937, pp.
134-139. . :

37-T-2 Taub, A.: Discussion on Enginme Lubrication,
Proe.,, Gen. Discussion on Lubrication and
Lubricants, Inst. Mech. Eng. (London),
vol. 1, pp. 628~630.

37-T-3  Taub, A.: Bngine Lubrication. Proc., Gen.
Discussion on Lubrication and Luuricants,
Inst. Mech. Eng. (London), vol. L1, PP.
572-576.
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37-T-4 Taylor, C. ¥,: Problems in the Fleld of Inter- o]
: nal Combustion EBngine Ludbrication. Proe.,
Gen, Discussion on Lubrication and Lubrie
cants, Inst. Mech. Eng. (London), vol. 1,
pp. 577-582.
L}
37=-T=5 Thornycroft, O0.: Discussion on Engine Lubrlca- c
tion. Proc., Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. Bng. (London),
vol, 1, pp. 820-621.

37-W-1 Williams, C. G.: O11 Viscosity in Rselation to A
Cylinder Wear. Proc., Gen, Discussion on
Lubrication and Lubricants, Inst., Mech. Eng.
(London), vol. 1, pp. 588-594. (Bee Col-
lected Researches, 1940, pp. 82-106.)

37-Y=1 Yeates, A. C.: Iubrication of Stationary Oil A
Engines, Proc., Gen, Discussion on Lubri-
catlion and Lubricants, Inst. Mech. Eng.
(London), vol. 1, pp. 595-598.

37-Y-2 Young, H., J.: Discussion on Engine Lubrica- C
tion, Proc., Gen, Discussion on Lubrication
and Lubricsnts, Inst. Mech. Eng. (London),
vol., 1, pp. 634-635,

37-Y-3 Young, H. J.: Wear of Cylinders and Plston [y
Ring. Proc., Gen. Discusslion on Lubrication
and Lubricants, Inst. Mech. Eng. (London),
vol, 1, pp. 599-606.

1938
38-4A-1 The Automobile Engineesr: TForm Cast Rings. c
Vol, 28, March 1938, pp. 82-88.
38-4-2 The Automobile Engineer: Ring Gumming. Some o
Design Considerations., Vol, 28, Nov. 1938,
p. 440,
38-.B=~1 Bonseh, H. W.: Der Zinfluss von Kraftstoff A

und Schmiermittel-Elgenschaften auf den
Zylinder- und Kolbenringverschliess (Influ-
ence of Materials of Construction and Prop-
erties of the Lubricant on Cylinder and
Piston~Ring Wear), Jahrbd. 1938 der deutschen
Luftfahrtforschung, R, Oldenbourg (Munich),
pp. II 356 - II 360,
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Bridgeman, 0. C,, and Leidig, M., L.: The Ef-
fect of 01l Characteristics en Wear in Avia-
tion Engines, BSAE Preprint, Jan. 10-14,
1938 (Detroit), 11 pp.

Broege, J. J., and Gravesteyn, J, J.: Fuel
and Wear in Diesel Engines. 3British Motor-
ship, vol. 19, 1938, pp. 216-218.

Coannor, K, W.: Surface Finish Related to Wear
in Internal Combustion Engines. Trans SAE,
vol. 33, 1938, pp. 305-312.

Dutcher, F, H.: The Friction of Reciprocating
Engines. 9Tpyane. A.3.M.E,, vol. 60, 1938,
PP. 225-232.

Englisch, 0.: Abdichtuhgsverhldltnisse von
Xolbenringen in Verbrennungskraftmagchinen
(Piston Ring Packing Conditions in Internal
Combustion Bngines). ATZ, vol. 41, 1938,
pp. B579-584,

Finch, G. I.: GQCylinder Wear, Lecture before
Imp, Col. Sel. Tech. 4Abs., The Automobile
Engineser, vol, 28, May 1938, p._ 116.

Foster, A. L.: Chemical Treating of Surfaces -
New Principle in Lubrication. ¥Wat. Petro-
leun News, vol, 30, no, 26, June 29, 1938,
rp. 25-26, 28,

Grgtsch, G., and Plake, B,: Bestimmung des
Reibungskoeffizienten beli hohen Geschwindig-
keiten fur Stahl auf Stahl (Determination of
the Friction Coefficient for Steel on Steel
at High Speeds). Jahrb. 1938 der deutschen
Luftfahrt forschung, pp, II 345 - II 349,

Hersey, M, D.: Theory of Lubrication. John
Wiley & Sons, Inc, (New York), 24 ed., 1938,
pp. 10-231, 122-140, 158-164.

Kuhm, M., P,: Einfluss des Werkstoffes der
Xolbenringe auf ihre Laufzeit (Effect of
Materials on Piston Ring Life), Jahrbd.
1938 der deutschen Luftfahrtforschung, R.
Oldenbourg (Munich), pp. II 87 - II 96,
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Riekert, P.,, and Held, A.: Leietung und Wirme-
abfuhr bei geometrisch Bhnlichen Zylindern
(Power and Heat Transfer in Geometrically
Similar Oylinders). Jahrb. 1938 der
deut schen Luftfahrtforschung, R. Oldenbourg
(Munich), pp. II 80 - II 82.

Sparrow, 5. W.: Safe Visgcosity for a Motor-
Car Engine Zubdbricant. Trans, SAE, vol. 33,
1938, pp. 393-402,

Stelnitz, Otto: Piston Rings. Some Notes on
Logs of Bfficiency by Friction. The Auto-
mobile Engineer, voel, ‘28, Dec. 1938, p. 460,

Steinitz, Otto: Piston Rings. The Qusstion
of Digtribution of Pressurs. The Auvbtomo-
bile Engineer, vol, 28, March 1938, p, 98.

Stern, N,: Pistdn Rings. The Theory Underly-
ing the High Point Design. The Automobile
Engineer, vol, 28, Jan. 1938, pp. 237-28.

Taylor, C. F., and Taylor, B, S.: The Inter-
nal Combustion EBEngine. International Text-
book Co. (Seranton), 1938, chs. VIII, XI,
XIi, pp. 140, 187-221.

Teetor, M. O0.: The Reduction of Piston-Ring
and Cylinder Wear. Trans. SAB, vol. 33,
1938, pp. 137-140, 156, -

Williams, C. G.: ZExperiments on Cylinder Wear.
Fourth Interim Report. Inst. Auto. Eng..
Jour., June, July 1938; The Automobile Engil-
neer, vol. 28, 1938, pp. 289-294, 305-308.
{(Sees Collected Ressarches, 1940, pp. 82-106.)

Williams, C. G.: Piston Rings. Deslgn, Matse-
rial, and Casting Methods in Relation to
Performance. The Automobile Enginseer, vol.
28, 1938, pp., 305-308.

¥Wilson, W. A,: GCooling Pistons. The Automow
bile Engineer, vol. 28, Sept. 1938, p. 320.
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American Hammered Piston Ring Division, Koppers
Co: Englneers Piston Ring Handbook. 4th
ed. (Baltimore), 1939, p. 158.

The Automoblle Engineer: Chrome Hardening.
Electro Deposition as an Antidote to Cyliune-
der Wear. Vol, 29, 1939, pp. 453-454,

Bass, B, L., and Barton, G. H.: Airecraft-
Engine Lubrication, Trans. SAE, vol, 34,
1939, pp. 8-l4,

Beall, A, L,: Piston Ring Performance and Its
Relation t¢ DLubricaetion. SAE Jour,, vol,
44, no, 3, March 1939, p. 1l.

Beck, George: Zylinder und Kolbenringver-
schliess (Cylinder and Piston Ring Wear).
Deut sche Eraftfahrtforschung, no. 29, 1939,
11 pp. Abs., Motortechnische Zsitschr.,
vol., 2, 1940. p. R224.

Bowden, P, P,, and Leben, L,: The Nature of
Sliding Friction. Proc. Roy, Soec. London,
ser, A, vol, 169, 19392, pp. 371~391.

Brey, V, B., Hoore, 8, €., Jr,, and Merrill,
D, R.t Improvements in Diesel-ZEngine Lubri-
cating Oils, Trans, SAE, vsl, 44, no. 1,
Jan, 1939, pp. 35-42.

Clower, J., I.: TIubricants and Lubrication.
McGraw-Hill Book Co, (New York and London),
1939, ch. XVI, pp. 396-435.

Oook, D. D.: Piston Ring and Cylinder Wear,
Diegel Power, vol, 17, July 1939, pp. 570,
572=-B675, '

193¢

Dodge, J, M,; Tactore Which Influence the
Deslgn of Piston Ringe and Materilals Used
in Them. PDPlesel Power, vol, 17, July 1939,
Y. 569~570.
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Englisch, C.: Das Einlaufen von Kolbenringen
und selne Verbesserung durch Oberflachen-
behandlungsverfahren (Running-In of Piston
Ringe and Its Improvement by Surface Treat-
ment )., ATZ, vol, 42, 1939, pp. B648-652.

Englisch, C.: Der Radiale Anpressdruck von
Kolvenringen fir Fahrzeugmotoren (Radial
Pressure of Piston Rings for Automobile
Engineg). ATZ, vol. 42, 1939, pp. 290-292.

Friend, P. B.: Lap Gage Examination Reveals
Inportance of Piston Ring Accuracy. Auto,
Indus., vol, 81, Oct., 15, 1939, pp. 442-446,

Gebhardt, Wolf.: Das Festwerden von Kolben-
ringen in einem luftgekihlten Zweitaktmotor
und seine Beeinflusgsung durch verschledene
Massnahmen (Sticking of Piston Rings in an
Alr-Cooled Two-Cycle Engine and the Influ- -
ence of Different Precautions). ATZ, vol,
42, 1939, pp. B02-505,

Lane, P. S.,: Bore Wear from the Viewpoint of
Materials. Trans. SAE, vol, 34, 1939, pp.
413-420.

Lane, P. S.: Wear of Diegel-Engine COylinders
and Rings, Diesel Power, vol, 17, Julyr
1939, pp. 578, 580, 582, 584, 586, (Twelfth
¥at. Oil and Gas Power meeting, A.S.M.E.)

Licehty, L. C.; Internal Combustion Engines.
McGraw-Eill Book Co. (New York =nd London),
5th ed., 1939, 603 pp. (See ch. XIV, pp.
398-427.) -

MeDonald, A, T.: Some Factors in the ILubrica-
tlon of High-Speed Diesel Engines. Mech.
Eng., vol. 61, May 1939, pp. 356-358.

McDonald, A. T,, and Blane, L. A,: OCylinder
Lubrication of High-Speed Diesel Engines as
Influenced by Temperature and the Combustion
Process. Proc., Am. Petroleum Inst., vol, 20
(II1), Nov. 1939, pp. 26-32,
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McKea, S. A.3 Discussion on Wear in Lubrication
Problems. Trans. A.S.M,B., vol. 61, 1938,
p. 344.

Mundorff, Hanns: Kolbenringe fir Autobahknbean-
gpruchungen. (Piston Rings for Automobile
Speedway Requirements). ATZ, vol. 42, Feb,
15, 1939, pp. 62~864,.

Meler, Adolf: Messung schnell-veranderlicher
Zylinderwandtemperaturen (Measurement of
Rapidly Changing Cylinder Wall Temperatures).
VDI Forschung, vol. 10, Jan.-¥eb. 1839, pp.
41-54, (Also NAGCA TM No. 1013, 1942)

Neely, G, L.: BRBecent Developments in Dlesel
Lubricating 0ils. Trans, SAE, vol. 34,
1938, pp. 485-500.

Nixon, Stuart: Plston Rings from the Operator's

Viewpoint. Diesel Power, vol, 17, July .

1939, pp. 6575, 578. (Twelfth Nat. Oil and
Gas Power mesting, A.S.M.E,)

" Futt, Arthur: Alrcraft BEngines and Their Lubri-

cation, Trans., SAE, vol, 34, 1939, pp. 501-
512.

Taub, Alex: Cylinder-Bore Wear. Engineering,
vol, 147, Peb. 10, 1939, pp. 163-164, 169~
171; The Automobile Engineer, vol, 29, March
1939, pp. 82-90.

Tichvinsky, L. M.,: Wear in ILubrication Probdb-
lems, Trans, A4.5.M.B,, vol. 61, 1939, pp.
335~346,

Tichvineky, L. M,, and Fischer, E. G.: Bound-
ary Friction in Bearinge at Low Loads.
Trgns, 4&.5.M.B., vol., 61, 1239, pp. & 109 -
A 113,

Tischbein, H. W.: Reibung an XKolbenringen
{Priction of Piston Rings). Xraftstoff,
vol. 15, Dec. 1839, pp. 83-87; wvol. 186,
Jan, 1940, pp. 6-8, 39-42, 7l-75. A4bs,,
Motortechnische Zeiltschr,, vol. 2, 195940,
P. 94,
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Williams, C., G., and Young, H. A,: Piston A
Ring Blow-By on High Speed Petrol Engines.
Firgt Interim Report (abridged). ZEngineer-
ing, vol. 147, 1939, pp. 693-694, 723-726.

Yates, B, A.: Recent Development in Piston- A
Ring Materials. Trans. SAE, vol., 34, 1839,
PP. 49-58n
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Automobiltechnische Zeitschrift: Uber die Lels~- A
tungsgrengen von Fahrgeugmotoren {on the
Limits of Performance of Automobile Engines).
ATZ, vol. 43, 1940, pp. 239-246, 262-370.

Chatfield, ¢. H., Taylor, C. F., and Ober, C
Shatswell: The Airplane and Its Engine, i
MeGraw-Hill Book Go. (New York and . TLondon).
4th ed., 1940. (See ehs. VI-VIII, pp. B89~

178.)

Clayton, D.: Influence of the Lubricant on B
Wear. ZEngineering, vol. 149, 1940, pp.
131-135.

Daever, K.: (Thoughts on the Problem of Wear), c

Stahl und Bisen, vol. 60, Nov. 7, 1940,
pp. 1007-1008.

Dayton, R. W.: Mechanisms of Wear: Their B
Relatlon to Laboratory Testing and Service.
Proc. Spec. Summer Conferences on Friction
and Surface Finigh, M,I.T., Cambridge, 1940,
pp. 1l27-140,

Dierker, A, H., Fried, Bernard, and Dawson, B
H, H.: Measuring the Tendency of Some Cast
Irons to Seize under Sliding Friction.

Ohio State Univ,, Eng. Exp. Sta. News, vol,
12, Dec. 1940, pp. 18-21.

Englisch, C.: Messgerat zur Bestimmung des ¢
Radialen Anpressdruckes von Kolbsnrlngen
(Apparatus for Measuring Radial Pressure of
Piston Rings), ATZ, vol., 43, 1940, pp. 42-

44,
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50, Eng. Bxp. Sta., 1940, 39 pp.
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26, 1940, pp. 413-4239.
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Conferences on Priction and Surface Finish,
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and Rings, Trans. 4L.S.M.E., vol. 62, Fab.
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Manganiello, B. J.: Piston Temperatures in
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- Massachusetts Institute of Technology: Proe,

8pec. Summer Uonferences on Friction and
Surface Finish, M.I.T,, Cambridge, June
1940, 244 pp.

Needs, §. J.t 3Boundary Film Investigations.
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Pinkel, Benjamin, and Manganiello, EB. J.:
A Method of Measuring Piston Temperatures.
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hrechung durch Messen des elektrischen
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